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Introduction
The chemistry of heterometallic compounds containing at least one alkali-metal is currently at the forefront of organometallic research, primarily due to the unusual reactivity that these compounds can display which cannot be obtained by either of the homometallic derivatives. An early example of such chemistry was the discovery of the Lochmann-Schlosser superbases, 1 which contain both lithium (from BuLi) and potassium (from KO t Bu) and display a greater deprotonating ability than either of these constituent parts. Recently, Knochel has reported on Turbo-Grignard 2 and
Turbo-Hauser reagents, 3 whereby the presence of a lithium halide salt greatly increases the solubility and consequently the reactivity and selectivity of a variety of traditional Grignard (RMgCl) and Hauser (R 2 NMgCl) reagents. Our interest in heterobimetallic chemistry stems from both a reactivity 4 and a structural Scheme 1. Alternative synthetic methodologies to give alkali-metal benzamidinates.
Alkali-metal benzamidinates are particularly attractive since subtle changes, such as with the addition of various functional groups at different positions on the aromatic ring, can exert considerable effects on their structure 9 and consequently on their reactivity. They are useful precursors to larger heteroatomic compounds such as substituted 1,3,5-triazines 10 or bicyclic SN compounds 11 as well as utilized as ligand transfer reagents to deliver main group and transition metal amidinate complexes. 6 Benzamidinate type complexes of the group IV metals have been comprehensively studied as catalysts for olefin polymerization, 12 while other metal benzamidinates such as those of vanadium, 13 nickel 14 and yttrium 15 have also been probed for catalytic activity. This ligand is attractive towards catalysis since it offers a similar level of steric protection to the cyclopentadienyl group but affords greater electrophilicity on the metal center as a consequence of being only a four-electron donor (as opposed to the six-electron donor Cp -).
We recently attempted to synthesise a bimetallic benzamidinate species through the reaction of the sodium silylamide NaHMDS and the magnesium bis-alkyl Mg(CH 2 SiMe 3 ) 2 with benzonitrile in the presence of the chelating donor ligand TMEDA. To our surprise, we discovered that the resulting product was in fact a homometallic, heteroleptic Mg dimer (1) which contained both benzamidinate ligands and also a bridging ketimido N=C(Ph)CH 2 SiMe 3 moiety (scheme 2).
Scheme 2. Synthesis of homometallic, heteroleptic complex 1.
On closer inspection, we surmised that there must be at least six independent reactions occurring in this one-pot synthesis to arrive at the final isolated product. These reactions are summarized in scheme 3. In this communication, we report our systematic studies into the intermediate products en route to the synthesis of 1, along with an alternative synthetic strategy using the same starting materials to give a heterobimetallic sodium magnesiate complex. (5) benzamidinate (4) (1)
Ph
Scheme 3. Proposed route to complex 1 with all intermediates shown.
Results and Discussion
Synthesis and characterization of complex 1
As shown in scheme 2, the reaction of NaHMDS (prepared in situ by deprotonation of HMDS(H) with n BuNa) and Mg(CH 2 SiMe 3 ) 2 with benzonitrile in the presence of TMEDA furnished 1. The same product was also obtained when TMEDA was omitted from the reaction mixture showing that it does not play a significant role in the reaction. After filtration and recrystallization, a final yield of crystalline product of 45% was obtained. This evidence was all corroborated by the 13 C NMR spectrum (see experimental for complete assignment). The molecular structure (figure 1) elucidated by X-ray crystallographic studies proved complex 1 to exist as a homometallic Mg dimer.
Pertinent bond parameters are displayed in table 1. ellipsoids are displayed at 50% probability level. Mg ( 17 Such a result may initially suggest that the presence of the NaHMDS/benzamidinate may play a crucial role in promoting such addition; however this supposition is later disproved by the preparation of addition product 6 (vide infra). The phenyl rings of the opposing co-planar CN double bonds lie in a trans conformation relative to each other.
Synthesis and characterization of intermediates en route to 1
The reactions of alkali-metal HMDS complexes with various nitriles to give amidinates (that is conversion of NaHMDS to 4 in scheme 3) have been comprehensively studied previously. For example, solvated complexes of MHMDS typically adopt structure 2a; that is dimeric species containing a central four- Given these previous precedents, we turned our attention to the isolation of possible intermediates 5 and 6 in scheme 3. Lappert has previously reported solvates of the closely related bis-silyl species Mg[CH(SiMe 3 ) 2 ] 2 with both diethyl ether and 2,6-dimethylphenylisonitrile. The former was crystallographically characterized as a monosolvated monomer with a three-coordinate metal center; 17 showed principal peaks at -0.79 and 0.51 ppm in the ratio 2:9, indicative of the CH 2 SiMe 3 group bound to an electropositive metal center. Aromatic peaks were also evident suggesting a C 6 H 5 fragment was present; overall integration showed that there were two CH 2 SiMe 3 groups per Ph group, consistent with a monosolvated structure.
The 13 C NMR spectrum was consistent with the 1 H data, the trimethylsilyl carbon atoms resonating at 4.5 ppm while the metal bound carbon atom was more shielded at -3.6 ppm. A single crystal of 5a was therefore analyzed by X-ray diffraction. The centrosymmetric structure of 5a (figure 2) adopts a dimeric conformation with a planar central Mg 2 C 2 ring. This is in contrast to the structure of the closely related 119.6 ppm. From these NMR data we tentatively suggest that 5b exists in solution as a tri-solvated dimer. We note here that both 5a and 5b display a sharp C≡N stretch in their IR spectra (at 2261 and 2263 cm -1 respectively).
An attempt was also made to add Mg(CH 2 SiMe 3 ) 2 across the triple bond of benzonitrile. Like in the synthesis of 5, the magnesium reagent was suspended in hexane and two equivalents of PhCN were added but this time the resulting yellow solution was allowed to stir overnight upon which time a pale yellow powder had precipitated. The mixture was briefly heated to re-dissolve the powder and cooled to -30 o C resulting in the recrystallization of a yellow non-crystalline solid (6 
Synthesis of heterometallic, heteroleptic complex 7
Having proved that both starting materials [NaHMDS and Mg(CH 2 SiMe 3 ) 2 ] add separately across the triple bond of benzonitrile; and that the final product is homometallic; we decided to alter our synthetic strategy in the pursuit of a heterometallic complex. This involved allowing the NaHMDS to fully consume all of the PhCN starting material prior to adding the magnesium reagent. Thus, equimolar amounts of NaHMDS and PhCN were stirred in hexane for four hours to ensure complete conversion to the sodium benzamidinate 4, at which point solid Mg(CH 2 SiMe 3 ) 2 was introduced. There was no obvious reaction so a molar equivalent of TMEDA was added to aid the dissolution of the Mg species; the solution immediately turned yellow. Cooling this solution in the freezer afforded a crop of yellow crystals which were characterized crystallographically (figure 4). (7) with selective atom labelling. Hydrogen atoms are omitted for clarity and thermal ellipsoids are displayed at 50% probability level. Only one of the independent molecules is shown for clarity. The molecular structure of 7 shows that it is heterobimetallic containing a benzamidinate anion bound terminally to magnesium, with two trimethylsilylmethyl groups bridging the group 2 metal to sodium. From this structure it can be envisaged that the Mg bis-alkyl has inserted into the Na-N bonds of the parent sodium benzamidinate to generate the spirocyclic sodium magnesiate complex. The reaction is summarized in scheme 4.
Scheme 4. Stepwise synthesis of heterobimetallic complex 7.
Disorder in the organic periphery of this structure makes a detailed discussion of such regions unwarranted. However, the important features of this structure include the long C-Na bonds (>3 Å), which leaves the sodium center exposed enough that it can coordinate two molecules of the bidentate Lewis donor TMEDA, giving it an overall distorted octahedral coordination sphere. The steric bulk around sodium caused by the TMEDA molecules appears to push the trimethylsilyl groups towards the phenyl ring, . This trimethylsilyl displacement in the Mg-benzamidinate fragment, which is not witnessed in complex 1, may also be electronic in nature rather than purely steric since the tetrahedral environment of the magnesium results in the SiMe 3 groups lying perpendicular to one another. Like in the previously discussed structures, the strain induced by the fourmembered rings cause the Mg atom to lie in a distorted tetrahedral environment.
The NMR spectra of complex 7 are in full agreement with the structure shown above.
In each case, the metal bound CH 2 is shielded in the negative low frequency region
( 1 H -1.73, 13 C -4.5 ppm), while the two distinct SiMe 3 environments are clearly resolved. The CH 2 and CH 3 groups of the TMEDA group are coincidental in the 1 H spectrum but are well separated in the 13 C spectrum, as confirmed by a HSQC spectrum. Further, the 13 C spectrum shows typical chemical shifts for the ipso and NCN carbon atoms of a benzamidinate ligand at 144.7 and 180.7 ppm (cf. complex 1, vide supra).
This structure of 7 essentially displays all the salient features of a bimetallic M(I)/M(II) synergic base; that is an alkali-metal bound neutral donor, two bridging anions and a terminal anion. 4c The synthesis of this sodium magnesiate complex represents a new pathway for the preparation of synergic bimetallics. To explain, the typical structure for this type of complex can be considered as being formed as a result of co-complexation of the starting materials, whereby the constituent parts maintain their original interactions in the final product (figure 5a). 35 However, in the synthesis of 7, the Mg bis-alkyl unit has inserted into the Na-N bonds of the sodium benzamidinate (figure 5b), yielding a final product whose constituent parts are now partially fragmented. This structure clearly displays the stronger electrophilicity of the Mg(II) center since it preferentially binds to the bidentate anion. 
Conclusion
We have shown that the seemingly simple reaction of a Mg bis-alkyl and an alkalimetal amide with benzonitrile is in fact far more complicated, with at least six separate reactions occurring in the one-pot synthesis to yield a homometallic heteroleptic dimer. Unlike its bulkier counterparts, Mg[CH 2 (SiMe 3 )] 2 is capable of adding across multiple bonds, although such addition can be inhibited at low temperature to yield simpler solvated complexes which are stoichiometry dependent.
Further to this, the same starting materials can be used to provide a bimetallic ate complex simply by altering the conditions and the order of addition of the reagents. 
